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This is the second paper of a series con-
cerned with the development of better meth-
ods of detecting contact allergens. The first
report demonstrated the inadequacy of the
so-called predictive or prophetic tests of
Schwartz-Peck, Draize and Shelanski and
Shelanski (1). These procedures were found to
be extremely insensitive in so far as they did
not detect the sensitizing powers of common,
well known allergens such as penicillin,
streptomycin, benzocaine and neomycin.
The pressing need is for a reliable screening
procedure which will not fail to identify sub-
stances with significant allergenic capacity. It
must be free of the defect of rendering false
negative verdicts.
The information required for test designing
was not available at the start of this study.
Knowledge of human contact allergy derives
mainly from extensive clinical, rather than
experimental, observations. Experimental hu-
man sensitization has not been widely practiced.
On the contrary, it is the guinea pig which has
been the subject of investigation in the de-
velopment of basic knowledge. Every impor-
tant disclosure concerning the immunology of
contact allergy has been made in the guinea
pig beginning with the basic studies of Land-
steiner, (2, 3) and Chase, (4) and including the
inquiring searches of Eisen, (5) Gell and Ben-
acerraf, (6) and Salvin (7). The ingenious
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biological experiments of Frey and his co-work-
ers also add luster to the contributions of the
guinea pig (8).
All these workers has no trouble sensitizing
their animals since they used potent aller-
gens. Consequently they were not motivated
to work out in detail the factors which pro-
mote sensitization. With regard to such mat-
ters as the influence of the number of exposures,
spacing, skin site, vehicles, concentration, etc.,
very little help was available from the guinea
pig literature for use in human investigation.
GRNERAL METHODS
The data derive exclusively from controlled in-
vestigations of prisoner volunteers over a six year
period. Many thousands of subjects participated,
these often being exposed simultaneously to 2 to
4 allergens. Subjects were not used a second time.
The test panels consisted of groups of 25 healthy,
adult males, about 90% of whom were Negroes.
Unless otherwise stated, the sensitizing patches
consisted of 1.5" squares of unwoven, highly ab-
sorbent cloth (Webril-Curity) to which a volume
of 1.0 ml of the test agent in petrolatum was de-
livered by a plastic syringe. The patch was sealed
occiusively to the skin under over-lapping strips
of impermeable plastic tape (Blenderin-Minnesota
Mining Corp.). The challenge patches had the
same construction except for being one inch
squares of Webril, to which 0.4 ml of test agent
was applied. The patch remained in place for 48
hours. The test sites were read at that time, and
again two days later. Attention is called to a new
departure in challenge patch testing according to
a technic elsewhere described as the "SLS provoca-
tive test" (9). It was designed to reveal threshold
states of sensitization. The provocative patch test
consists of pre-treating the test site for one hour
with an occlusive patch of 10% aqueous sodium
lauryl sulfate (SLS). This maneuver guarantees
penetration through the horny layer 'barrier', and
initiates a sub-clinical inflammation which poten-
tiates the allergic tissue response. Threshold states
of sensitivity are raised to the level of detectabil-
ity. A sharply-defined erythema, as compared to
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TABLE I
Mode8 of inflammation
Insult
Mono-
quinone
Strerito FIr(
Control
Ultra-Violet light
Scotch-tape strip-
ping
Cantharidin blister
Freezing
Dimethylsuif oxide
Sodium Lauryl Sul-
fate
2/25
2/23
5/22
4/25
9/23
8/25
13/24
0/25
0/25
2/22
2/25
6/23
11/25
10/24
0/25
0/25
0/22
2/25
5/23
7/25
8/24
0/25
1/25
0/22
4/25
5/23
6/25
6/24
the control patch, was the minimum criterion of
a positive challenge reaction. The provocative test
was not utilized in the ease of substances which
were irritating to any of ten normal subjects patch
tested with 10% concentrations in petrolatum.
Statistical significance was tested by the Chi-
square method at the customary 95% level of con-
fidence (p = <.05). Because of the small size of
the test panels, dictated by practical necessities,
statistical significance was all too often not
achieved. Certain interpretations rest more on
verisimilitudes than rigorous proofs.
Influence of Inflammation
All observers are agreed that chemical or
physical inflammation, if not too severe, in-
creases the opportunity for contact sensitiza-
tion. This is the unanimous conclusion of
experimental and clinical experience (10, 11).
Earlier, we submitted evidence that the means
used to provoke the inflammation did not
materially affect the outcome (12). With im-
proved technics and more experience, a revi-
sion of this view has become necessary.
Procedure
a. The skin was inflamed by six different insults,
each on a separate panel of 25 subjects.
1. Ultra-violet radiation: 2 MED's with
Westinghouse FS-20 lamp, allergen applied
24 hours after irradiation. This dose pro-
duced only erythema, not eczema.
2. Cantharidin blisters: allergen applied at
24 hours (after cutting off blister top).
3. Dimethylsulfoxide: 24 hour occlusive pre-
treatment with undiluted liquid.
4. Freezing: ten second freezing with volatile
refrigerant (Freon). Immediate applica-
tion of allergen.
5. Sodium lauryl sulfate: 24 hour occlusive
pretreatment with 5% aqueous solution.
6. Scotch tape stripping: skin stripped
serially to glistening layer: allergen ap-
plied immediately.
7. Control: Normal skin.
b. Four allergens: A. Induction: (1) 10% mono-
benzyl ether of hydroquinone, (2) 10% strep-
tomycin, (3) 10% penicillin G, (4) 10% Fura-
cm®. B. Challenge: 10% concentrations by
SLS provocative patch except for the hydro-
quinone.
c. Five 48 hour allergen exposures, one day in-
tervals between exposures.
d. Exposures of a given allergen confined to the
same extremity, each exposure to a newly
inflamed site, directly above the previous one.
Results: (Table I). With these moderate al-
lergens it is apparent that application to nor-
mal skin is well nigh fruitless. Sharp ultra-
violet erythema, without blisters or exudation,
is scarcely better. Stripping registers only a
slight improvement which in turn is only
slightly bettered by cantharidin blisters. Con-
siderably more effective than these were
freezing, dimethylsulfoxide and sodium lauryl
sulfate in that order. The differences among
these latter substances are not statistically
significant (Chi-square = > .05); nonetheless,
sodium lauryl sulfate (SLS) possessed a con-
sistant margin of superiority which was more
striking for some allergens than others. Fur-
ther experience sustained this trend, especially
in relation to freezing which we earlier favored
(12).
Comment: The well known enhancing effect
of irritation clearly involves more than the
greater permeability of inflamed skin. Stripping
removes the horny layer 'barrier' completely.
Yet its effect is very limited, perhaps because
healing begins rather rapidly and a temporary
'barrier' begins to reform within 24 hours. Peak
inflammation is clinically and histologically
mild. The ineffectiveness of the erythema pro-
duced by two MED's of ultra-violet light
probably reflects preservation of the horny
layer. Vesiculation and oozing were absent and
penetrability probably not much altered. The
comparative ineffectiveness of cantharidin is
harder to explain. Though cutting off the
blister physically removes the barrier, the in-
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flammatory reaction is very mild and quite
transient. Dimethylsulfoxide was studied be-
cause of its capacity to increase the permeabil-
ity of biologic membranes as well as being
irritating. As used here under occlusion it pro-
duced a sharp inflammatory response, which
took the form of a toxic necrosis of the outer
epidermis accompanied by perivascular infiltra-
tion (14). DM50 and freezing were probably
only slightly less effective than SLS. Whereas
the inflammatory reaction from freezing is at
least equal to and can be made much worse
than that of SLS, freezing has no direct effect
on the horny layer which is disrupted or
sloughed only later in consequence of underlying
destructive epidermal changes. Severe freezing
(30 seconds) depresses the sensitization rate.
Sodium lauryl sulfate immediately increases
permeability by damaging the horny layer and
incites an inflammation which requires days to
heal, as evidenced histologically. These proper-
ties may account for its probable modest su-
periority. SLS is also used in the provocative
patch test wherein it was also found somewhat
more advantageous than other methods of pro-
ducing mild inflammation.
The application of SLS for this particular
use was an outgrowth of prior studies which
demonstrated first the capacity of anionic sur-
factants to increase the skin's permeability
and subsequently to favor sensitization; thus
Bettley found with isolated human epidermis
that glucose and sodium salicylate penetrated
faster in the presence of 1% soap (15). Vinson
and Choman demonstrated that SLS enhanced
the penetration and irritancy of nickel salts in
guinea pigs (15). Nilzen and Wikstrom obtained
preliminary evidence that guinea pigs could
be sensitized to potassium dichromate in the
presence of 1% SLS, (17) although neither
Rockwell,il nor Samitz and Pomerantz (18) suc-
ceeded in sensitizing guinea pigs to nickel salts
with the aid of this surfactant.
It may be added here that the promoting ef-
fects of SLS are not peculiar to this anionic
detergent. We have obtained comparable re-
suits with household soap, with sodium laurate
and with sodium dodecyl benzene sulfonate. It
is convenient to use SLS because it is readily
obtained in reasonably pure and constant form.
Technical grades are adequate. Cationic deter-
gents, though highly irritating potentiated sen-
TABLE II
Sodium lauryl sulfate irritation
(Pretreatment vs. Combination)
Substance
Induc-
tion
concen-
tration
(%)
Chal-
lenge
concen-
tration
(%)
Peat-
ment
Incorpo-
rated
Penicillin G
Monobenzyl ether
of hydroquinone
Tetrachlorosalicyl-
anilide
Nickel sulfate
Neomycin sulfate
Streptomycin
10
5.0
0.5
1.0
10
10
10*
5.0
0.5
2.0
10*
5*
9/25
12/25
11/25
6/23
4/23
15/23
11/24
14/25
13/24
5/24
5/24
6/24
* Provocative SLS challenge test.
sitization but modestly. These latter surfactants
do not primarily damage the horny layer. In
SLS solutions, however, the isolated horny mem-
brane is readily dispersed.
Pre-treatment with Sodium Lauryl Sulfate
Compared to Combination with the Allergem
The question here was whether the chemical
irritant and allergen could be combined in the
same mixture, thus eliminating the 24 hour
pre-treatment as in the previous study. In the
latter case, the inflammation was already well
developed by the time the allergen was applied.
Procedure
a. Two irritant treatments were compared:
(1) Pretreatment for 24 hours with 5% aque-
ous sodium lauryl sulfate.
(2) Incorporation of 5% sodium lauryl sul-
fate in the petrolatum allergen mixture.
b. Five 48 hour exposures, one day intervals
between exposures.
c. All exposures, to exactly the same site on one
extremity.
Results: (Table II). With the exception of
streptomycin, it matters little whether the ir-
ritant is combined with the allergen, or is
separately applied as a pretreatment. If any-
thing, there is a slight gain to incorporation.
Comment: Incorporation of the irritant is
simpler and has the same promoting effect as
pretreatment with one exceedingly important
proviso, namely, that there be no chemical in-
compatibility between the SLS and the allergen.
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TABLE III
Area8 of exposure
(Variations in Total Amounts of Allergen)
Substance
Induction
concentra-
tion %
Challenge
concentra-
tion %
Patch Test Areas
One extremity 'J'woextremities
0.25'
squares
(0.36 cm2)
1.5'
squares
(14 cm2)
4—1.5'
squares
(56 cmi)
3.0'
squares
(56 cm2)
Two 1.5'
squares(28 cm')
Ammoniated mercury
Monobenzyl ether of hydroqui-
none
Nickel sulfate
Neomycin sulfate
25
25
1
25
10
5
5
10*
6/22
10/22
2/22
0/22
12/24
20/24
4/24
5/24
12/23
21/23
5/23
8/23
10/25
23/25
7/25
5/25
15/23
10/23
7/23
7/23
* Provocative SLS challenge test.
Chemical combination can deprive the allergen
of its sensitizing power or, equally ruinous,
abolish the irritating effect of the sodium
lauryl sulfate. The unfavorable outcome is il-
lustrated in the case of streptomycin. Incom-
patibility is demonstrated in this case by the
precipitate which forms in an aqueous mixture
of the two. Prior treatment is accordingly far
more effective with this agent.
Combination is permissible only if chemical
compatibility is assured beforehand. Routine
pre-treatment is more troublesome but avoids
this risk.
* * *
Area of Sensitizing Exposure
Two quantitative variables are encountered
when applying allergens to the surface: (1) the
amount per unit area (surface concentration)
and (2) the total amount applied. In the ex-
treme case, to illustrate the problem, the
total would be greater if a liberal amount of a
dilute solution were applied to the entire two
square meters of body surface than if a con-
centrated solution were confined to a one inch
square patch with an area of 0.0003% of the
whole. This question is far from academic
since inductive patch exposures commonly have
the dimensions of one inch squares or less. In-
deed, Schwartz and Peck in their predictive
procedure recommended use of 0.25" squares
(19). The issue tends to be confusing because
concentration often refers to proportion in the
vehicle and not the amount per unit surface.
The particular questions to be examined are the
quantitative influences of the size of the area
and the concentration of allergen per unit area.
Considered first is the question of the area
covered by the patch, keeping the surface con-
centration constant. It should be clearly ap-
preciated that this is chiefly a study of the
effect of varying the total amount of allergen.
Procedure
a, Three patch test sizes were compared on the
forearm: 0.25" Webril squares, 1.5" squares
and 3.0" squares. 1.0 ml volume of the vehicle
was applied to the 1.5" square and the
amounts applied to the other two sizes ad-
justed so as to keep the quantity per sq cm
constant; that is to say, surface concentration
constant. The concentration of allergen in the
vehicle was, of course, kept constant. The
area ratios for 1.5" and 3.0" squares using the
smallest 0.25" square as a denominator, are
40:1 and 154:1 respectively. The amounts
delivered to the skin by such size differences
are, of course, vastly different. Although
different concentrations were used for dif-
ferent allergens, the actual amount in each
case can be calculated from the information
on area, vehicle concentration and amount of
test material applied. Two further variants
were investigated: (1) four 1.5" squares were
applied to one arm, one directly above the
other, obviously providing four times the
area and quantity of a single 1.5" square. In
area and amount this is equivalent to one
3.0" square (56 cm!), the only difference being
four separate sites versus one. (2) two 1.5"
squares were applied, one on each arm. This
only doubles the area but adds, of course,
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another variable, namely that of stimulating
two sets of regional nodes.
b. Five 48 hour exposures of allergen.
c. Pre-treatment with 5% aqueous sodium
lauryl sulfate for 24 hours. All exposures to
exactly the same site on the volar forearm.
Results: (Table III). The notable finding is
that area size is not a very influential factor.
Put in other terms, the total quantity of
allergen is not important when the surface and
vehicle concentrations are constant. This general-
ity has one important proviso, namely, that
there is a minimum limit below which area
becomes an insignificant factor. Thus, with
0.25" squares the rates are considerably lower
for all allergens; this is really a tiny patch
which has 340th the area of the 1.5" square. But
note that the sensitization rates are the same
with 3.0" and 1.5" squares although there is a
four-fold area difference. Moreover, four 1.5"
squares accomplish no more than one such
square or one 3.0" square; four sites are no
more effective than one. Neither are two 1.5"
patches on separate forearms more effective
than one such patch although there was an
indication of greater intensity of sensitization.
Two 1.5" patches merely double the area which
we have already seen to be of small significance.
Strict comparison is out of order because of the
introduction of the additional variable of
stimulating two nodal systems.
Comment: The material finding of this
study is that within limits, sensitization for a
given surface concentration is not greatly af-
fected by the amount applied, whether to a
small or much larger area. Below a certain crit-
ical area, however (between 0.36 cm and 14
cm') sensitization falls sharply; there is a sur-
face concentration threshold. Above this thresh-
old, spreading the allergen over a larger area
and thereby greatly increasing the amount of
allergen absorbed, is not accompanied by a cor-
responding increase in sensitization whether
one employs four separate sites or one site of
equivalent area.
We did not face the technical difficulties of
using larger than 3.0" squares or more than
four 1.5" squares. One could also increase the
area by applying multiple patches to different
extremities but this introduces the additional
variable of involving different nodal systems. It
was established, however, that two 1.5" patches
on different extremities did not materially af-
feet the sensitization rate though possibly the
intensity of sensitization was increased. The is-
sues discussed here are incompletely instructive
unless related to the results of the following
study.
* * *
Concentration
Varying the concentration of the allergen in
the vehicle, keeping the area constant, deter-
mines the amount per unit area; that is the
surface concentration. This in turn controls the
concentration of the allergen per unit volume of
dermis since within limits, penetration is pro-
portional to surface concentration. In this study,
the area was kept constant by using the stand-
ard 1.5" square patch. Different surface con-
centrations were obtained by varying the
amount in the vehicle applying the same
amount of test material, 1.0 gm to each 1.5"
square. Of course, increasing the concentra-
tion inevitably increases the quantity, but we
have already seen that this factor alone is not
influential.
Procedure
The same as in the previous study. The only
variable was concentration of allergen in the ve-
hicle; this ranged from 0.1% to 50% for different
allergens. A 1.0 ml volume of vehicle was ap-
plied to the standard 1.5" square patch. The
concentration was calculated by weight. (Exam-
ple: 25% signifies 25 grams of allergen in 75 grams
of petrolatum).
Results: (Table IV). Concentration dramat-
ically influences the sensitization rates. For
weak and moderate allergens (neomycin, peni-
cillin) the rate steadily increases to a maxi-
mum of 25%. Two allergens were studied at
50% concentrations: Furacin® and ammoni-
ated mercury. Interestingly, in both cases
sensitization declined drastically. Maximum
sensitization rates for strong allergens (p-phen-
ylenediamine, tetraehlorosalicylanilide) were
reached at substantially lower concentrations,
in the vicinity of 5% and 10%. For each allergen,
according to its potency, there is a range
through which sensitization is proportional to
concentration, beginning at some threshold
level. Powerful allergens sensitize maximally at
comparatively low concentrations.
Comment: The trend of these results was
quite expected. The rate and amount of con-
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TABLE IV
Concentration
Substance
Concentration (%)
0.1 0.2 1.0 5.0 10 25 50
Furacin®*
Penicillin G*
Streptomycin*
Tetrachiorosalicylanilide
Technical Malathion®
Ammoniated mercury
Neomycin*
Thephorin®*
Monobenzyl ether of hydroquinone
p-Phenylenediamine
—
—
1/24
6/25
2/25
—
—
2/23
3/24
5/24
0/22
2/22
—
—
—
—
—
—
—
—
3/25
4/22
8/22
17/24
8/25
0/25
0/22
6/24
7/23
17/25
—
7/25
—
21/24
—
—
—
—
—
—
7/25
11/25
18/23
21/21
25/25
8/23
4/25
11/25
16/25
24/24
14/21
16/25
20/23
—
25/25
13/24
7/25
25/25
22/22
20/20
2/25
—
—
—
1/25
—
—
—
—
* Provocative SLS challenge test.
jugate formation must be dependent on
hapten (allergen) concentration. Moreover, it
is possible that more protein sites are bound by
higher concentrations so that a qualitatively
more effective conjugate is formed. The amount
of conjugate may not only be increased by
the higher concentration but it is perhaps more
antigenic.
The notable practical lesson is that rather
high vehicle concentrations, 25%, were required
to achieve substantial sensitization rates. The
test substances were all well known allergens
and the exposure exaggerated to the point of
severity. Obviously no small effort is required
to establish that a substance possesses sig-
nificant allergenic capacity. Failure to realize
this is the signal cause of the insensitivity of
so-called 'predictive tests'.
Worthy of note is the decrement incurred by
increased concentrations from 25% to 50%.
This seems paradoxical but is nonetheless ex-
plicable. At 50% the allergen-vehicle mixture
becomes a pasty thick mass. Release of the
allergen from this semi-solid matrix is un-
questionably reduced. It can be shown that
the harmfulness of certain agents, sulfur for
example, decreases after a certain maximum
when the mixture becomes a paste; thus, 40%
sulfur paste is less irritating than 10%.
These results must be viewed in relation to
the previous study of area. Together they bear
out an old conclusion of Scbnitzer in his studies
of guinea pigs (20). Using dinitrochlorobenzene,
a powerful sensitizer, he concluded that sen-
sitization was dependent on concentration, not
on area. Thus when 0.1% was applied to the
entire body, 13 of 50 guinea pigs were sensitized.
This is about a threshold concentration. But ap-
proximately the same rate, 15/60, was ob-
tained when the same concentration, 0.1% was
confined to a circle 2.5 cm in diameter. It was
not possible with total body application to
sensitize the animals at 0.05% even though
the total amount of allergen in the latter case
was very much greater than in the instance of
0.1% in the 2.5 cm circle. One would add from
the previous study that there is a threshold
area, which is quite small, but in excess of this,
sensitization is primarily dependent on con-
centration per surface area. We did, in fact,
carry out one study according to the method of
Schnitzer. When three grams of 20% mono-
benzyl ether of hydroquinone in petrolatum
were inuncted without bandaging, twice daily
over one forearm for four weeks, 6 of 46 sub-
jects became sensitized. None of 43 volunteers
were sensitized when 45 grams of 1% ointment
was applied twice daily for four weeks to the
entire naked body, although this was approxi-
mately nine times as much allergen.
* * *
Number of Exposures
Powerful allergens may sensitize nearly
everyone on the very first exposure. Weaker
ones may be harmless for many years of in-
tensive contact. The question is whether multi-
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plying the number of exposures in accompani-
ment with exaggerated insults will be reflected in
proportionately higher sensitization rates. An
additional concern of the study was whether
excessive exposure would cause all substances
to become sensitizers.
Procedure
a. For each allergen a separate group of 25
subjects was exposed respectively for 3, 5, 10
and 15 times. Only weak and moderate aller-
gens were tested, and the concentrations were
not maximal.
b. Forty-eight hour exposures, always to the
same site on one extremity for a maximum of
five per site. Each course of five exposures on
a new fixed site on the same extremity. One
day intervals between courses.
c. Pre-treatment for 24 hours with 5% aqueous
sodium lauryl sulfate.
Results: (Table V). Striking contrasts are
displayed between agents which have a clinical
reputation for sensitization and those whieh do
not. With aluminum chloride and Vioform®,
to which contact allergy is exceedingly uncom-
mon, 15 exposures induced no sensitization. It
seems probable that only a tiny fraction of the
population have the genetic capability of be-
coming sensitized to such agents regardless of
the intensity or length of contact. Thus, severe
magnified experimental exposure is not likely
to confer sensitizing properties on agents not
known to have this capability. We may next
consider extensively used substances which sen-
sitize rarely. These are known mainly to ex-
perts, while practitioners rightly hold them to
be harmless: hexachiorophene, for instance,
a halogenated phenol, is an antiseptic which is
present in an enormous number of skin formula-
tions. No urbanized person can escape its
presence. Yet sensitization case reports are
extraordinarily rare (21). Another example is
tetramethylthiuram disulfide, first recognized as
an occasional sensitizer among rubber workers
(22). Since then it has proved to be very
valuable as a fungicide, bacteriostatic agent,
and insecticide (23). Case reports of contact
sensitization are noted from time to time. So,
here are two ubiquitous substances which are
true borderline allergens. It is evident in Table
V that it may take 10 to 15 exposures before
the sensitizing potentiality shows itself in a
few individuals. The greater activity of the
TABLE V
Number of exposures
Agent
Induc-
tion
concen-
tration
Number of exposures
5 10 15
Hexachlorophene
Benzocaine*
Ammoniated mercury
Tetramethylthiuram-
disulfide
Vioform®*
Aluminum chloride
Furacin®*
Neomycin sulfate*
Penicillin G*
Sodium sulfathiazole*
10
5
5
10
10
20
10
10
10
25
0/25
0/23
0/24
0/25
0/24
0/25
1/24
0/24
1/25
0/24
0/20
1/22
4/22
0/25
0/23
0/22
4/24
1/25
5/25
1/25
1/22
3/25
7/22
2/22
0/22
0/23
5/22
4/23
10/21
1/22
3/24
6/25
14/20
6/18
0/18
0/22
12/20
10/21
16/21
3/23
* Provocative SLS challenge test.
thiuram compound is at least congruent with
clinical experience. Although these are border-
line allergens, indefinitely prolonged, intensified
contact with more optimal concentrations would
probably sensitize a goodly portion of the
population.
The low rate of sensitization with sulfathi-
azole is surprising in view of the highly publi-
cized hazards attending the topical use of sul-
fonamides; these are universally regarded as
powerful sensitizers and their topical use
scorned. (24) This discrepancy wifi be explored
in a later work.
On the other hand, five exposures are suffi-
cient to demonstrate the allergenic faculties of
agents which usually appear in textbook lists of
sensitizors: Furacin®, neomycin, penicillin and
ammoniated mercury. Additional courses of
exposure inevitably increase the sensitization
rates, as one might expect. Fifteen exposures
are stifi within the ascending portion of the
dose-response curve. Several more courses would
almost certainly sensitize everyone.
Comment: Vigorous, repetitive antigenic
stimulation, altogether unfeasible except in the
privileged sanctuary of the laboratory, does
not make 'allergens' out of non-allergens. Spec-
ificity is preserved. The procedure itself does
not so violate the skin as to render it reactive
to nearly everything. The problem of false
positivity is not likely to arise in test procedures
entailing intensified contact. Five exposures
seem adequate, all other conditions being maxi-
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TABLE VI
Repetition of sensitizing courses with
threshold concentrations
Substance
Induc-
tion
concen-
tration
%
Chal-
lenge
concen-
tration
Number of courses
One Two Three
Streptomycin*
Penicillin G*
Tetrachlorosalicyl-
anilide
Monobenzyletherof
hydroquinone
Ammoniated mer-
cury
0.1
0.1
0.05
0.1
0.1
10
10
1.0
5.0
10
3/23
0/23
3/23
2/22
0/23
3/22
2/22
6/22
4/22
2/22
10/24
6/24
13/23
—
5/23
* Provocative SLS challenge test.
mal, to establish whether a substance has suffi-
cient potential allergenicity to merit clinical
concern.
* * *
Repetition of Sensitizing Courses with
Low Concentrations
This experiment was an outgrowth of the
previous one which demonstrated that with
known allergens the sensitization rate was
crudely proportional to the number of expo-
sures. Now considered is whether this also
holds when the concentrations are threshold.
Procedure
a. Four allergens were tested at low concentra-
tions.
b. Three sensitization courses, each consisting
of five 48 hour exposures.
c. Each course applied to the same site on one
extremity; a new site for each five exposure
course. Sites pretreated for 24 hours with 5%
aqueous sodium lauryl sulfate.
Results: (Table VI). Even at threshold con-
centrations the sensitization rates are increased
by each succeeding course. The final result, how-
ever, is not nearly equivalent to the rate
achieved by a single five exposure course with
maximum concentrations (25%).
Comment: These results do no more than
verify clinical judgments; long and frequent
exposure is required when the stimulus is weak,
whether because of low concentration, transient
contact, slow release, poor skin penetration, etc.
The issue not satisfactorily resolved in these
studies is the question of absolute thresholds,
i.e. the concentration below which no sensitiza-
tion occurs regardless of the intensity and dura-
tion of the exposure. There is, in fact, no ready
way to work conclusively in this shadowy zone
but some preliminary studies may be of interest.
We have not succeeded with the above proce-
dure in producing sensitization with 15 ex-
posures to: 0.1% benzocaine, 0.1% penicillin
G, 0.01% streptomycin, and 0.1% Furacin®.
On the other hand, with potent allergens
occasional sensitizations can be induced with con-
centrations as low as 0.001%, viz., tetrachloro-
salicylanilide, diethyl fumarate and p-phenylene-
diamine. It is a certaity however, that there
must be an absolute threshold. This will be
much lower for powerful allergens; for feeble
ones the absolute threshold may be as high as
10 to 25%.
Multiple Exposures to One Extremity versus
Single Exposures to Different Extremities
The evidence is conclusive that the draining
nodes play a decisive role in the sensitization
process. Their removal within two to three
days of a single antigenic stimulus prevents
sensitization. Frey and Wenk first demon-
qtrated this with dinitrochlorobenzene in guinea
pigs (25). Epstein, Kligman and Seneca!
achieved only partial prevention with that
allergen but complete inhibition with p-phen-
ylenediamine after lymphadenectomy (26).
Serial histologic study of the stimulated nodes
gives morphologic evidence of the cellular
events during sensitization. Macher found that
the regional nodes become hyperplastic owing
to proliferation of undifferentiated stem cells
(27). The elaborate studies of Turk and Stone
defined the crucial role of the regional nodes
(28). They found a large increase in pyronino-
phiic cells on the fourth day after stimula-
tion and it was only after this time that
passive transfer of the sensitivity to histo-
compatible recipients could be accomplished.
The question with which we are now con-
cerned relates to how the nodal system can
be maximally stimulated. Should one conilne
the exposure to the same extremity and thus
repeatedly bombard the same regional node or
should the stimulus be distributed over the dif-
ferent extremities so as to commit multiple
nodes to the immunologic experience? This
IDENTIFICATION OF CONTACT ALLERGENS—lI 383
question has been previously explored in a
preliminary manner, and the results suggest
that the same node should be restimulated (26).
Procedure
a. Four exposures to one extremity (arm or
thigh) was compared to one exposure of each
extremity in sequence; the total number of
exposures, four, was identical.
b. Four 48 hour exposures, each to a new site
pretreated for 24 hours with 5% aqueous
sodium lauryl sulfate. On the same extremity
the exposures were one above the other.
The comparative study involved four single
exposures, one on each extremity: left arm,
right arm, left thigh, right thigh in sequence;
one day between exposures.
Results: (Table VII). Confining four expo-
sures to one extremity is strikingly more ef-
fective than one exposure to each of four dif-
ferent extremities. The sensitization rates under
these conditions are in general doubled or tripled
by re-stimulating the same node.
Comment: At one time we had supposed
that stimulation of four different nodal systems
might be more effective. Clearly, bombardment
of the same node is superior. Indeed, this is an
elementary but crucial prerequisite for detect-
ing contact allergens. Apparently the immuno-
logic lymphoid stem cells do not behave in an
all-or-none fashion but rather by degrees, storing
up the information of previous experience.
Magnussen's guinea pig studies decisively
demonstrate the same phenomenon (29). Think-
ing that the exposures should be confined to a
circumscribed small skin region, Grolnick un-
wittingly happened upon this phenomenon also,
though his experiments were insufficiently con-
TABLE VII
Four applications to same extremity versus one to
each of four extremities
Substance
Induc-
tion
Concen-
tration
%
Chal-
lenge
Concen-
tration
%
Same
Ex-
tremity
Four
Extrem-
ities
Signth-
cance
by Chi
Square
ExtractofKra-
meria
Thephorin®*
Nickel sulfate
Epoxy resin
50
5
5
5
50
10
2.0
10
17/20
7/20
6/20
10/20
11/23
2/23
1/23
4/23
S
N.S.
S
S
* Provocative SLS challenge test.
trolled (30). It does not matter whether the
sites are close together or far apart as long.
as the conjugate traverses the same node.
We previously found that application to an cx—
tremity was more effective than pen-umbilical
exposure (26). In the latter case the available
conjugate will drain into different quadrants,
each node receiving a shared smaller portion
than on an extremity where the entire antigenic
charge will be channeled through one set of
nodes.
* * *
Exposures Confined to One Fixed Site
Versus Fresh Sites
Inflammation markedly predisposes to sen-
sitization. On the other hand, excessive tissue
destruction partially or completely nullifies
the promoting effect. There is some evidence
that the site should be freshly inflamed, at
least for single exposures (12).
The variable considered now is whether the
exposures should be confined to a single site
which has been kept irritated by repeated in-
termittent treatment with sodium lauryl sul-
fate, or whether each exposure should be to a
new, freshly inflamed site. In the former case,
the tissue reaction gradually deepens to a
rather severe, chronic inflammatory state.
Procedure
a. Repeated exposure of the same fixed site was
compared with exposure of a new site each
time one above the other, on the same arm.
b. Five 48 hour exposures.
c. Pre-treatment with 5% sodium lauryl sulfate
for 24 hours.
Results: (Table VIII). Exposures to new
sites are less effective than repeated assaults
upon the same site. For powerful allergens
with high sensitization rates like diethylfuma-
rate, this parameter is of no consequence. For
weak ones such as mercaptobenzothiazole, it
is decisive. For the moderate medical sensitizors,
streptomycin and butyn sulfate, its importance
is variable but doubtless great at times.
Comment: The advantage of single site ex-
posure is somehow associated with the chronic
inflammatory reaction. The tissue is crowded
with lymphocytes and the dilated vessels en-
gorged with blood. Possible favorable conse-
quences include: greater quantity and availabil-
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TABLE VIII
AU exposures to one site compared to new sites for
each exposure
U S ance
Induc-
tion
Con-
cen-
tratiOn
%
Chal-
lenge
Con-
cen-
tration
%
One
Site
New
Sites
Signifi-
cance
by Chi
square
Butyn sulfate*
Diethylfumarate
Streptomycin*
Mercaptobenzo-
thiazole
Cobaltous sulfate
25
0.5
10
10
10
10
0.2
10
10
50
8/24
25/24
24/24
5/24
10/24
5/22
24/22
6/22
0/22
4/22
N.S.
N.S.
S.
S.
S.
* Provocative SLS challenge test.
TABLE IX
Interval between exposures
Substance
Induc-
tion
concen-
tration
%
Chal-
lenge
concen-
tration
%
Intervals
Two Six
one days days
Mercuric chloride
Diethylfumarate
Monobenzyl ether
of hydroquinone
Potassium dichro-
mate
2.0
2.0
25.0
3.0
0.05
0.2
5.0
0.25
6/23
18/23
4/23
3/22
11/25
25/25
0/25
18/25
15/20
21/21
12/21
18/21
ity of suitable proteins for conjugation, removal
via lymphatics rather than capillaries, and slow
release from a dermal depot. From the view-
point of the volunteer, one severely inflamed site
is preferable to five moderate ones.
* * *
Intervals between Exposures
It is, as we have seen, desirable to 'bombard'
the same regional nodes. Should this be con-
tinuous or interrupted by rest periods?
Procedure
a. Three schedules were compared:
1. No interval. Five 24 hour exposures con-
tinuously; no rest periods.
2. Two day rest periods between five 24 hour
exposures.
3. Six day rest periods between five 24 hour
exposures.
h. Each allergen selected because of its capacity
to irritate in its own right; no pre-treatment
with sodium lauryl sulfate.
c. Twenty four hour exposures applied to
exactly the same site.
Results: (Table IX). When the allergen is
applied for a total of five days, continuous
exposure is less effective than allowing rest
periods. On the other hand, increasing the
time between exposures to six days is no more
effective than two days rest periods.
Comment: To help bring out differences,
these exposures were carried out at 24 rather
than the usual 48 hours. With the latter, which
doubles the time of antigenic stimulation, the
necessity for rest periods was not clear—cut
when subsequently tested, though here too
there was a trend toward greater effectiveness
when one day intervals were interposed. Con-
tinuous exposure may tend to block sensitiza-
tion by some process resembling immune paraly-
sis; perhaps the turnover of immunologic stem
cells in the regional nodes is so slow that inter-
vals enable the production of a new popula-
tion of responsive cells.
* * *
Duration of Exposure
It has been customary in the past, and
convenient, to utilize 24 hour exposures during
the induction period; whether longer expo-
sures are more effective has not previously
been determined.
Procedure
a. Three lengths of exposure were compared:
one day, two days and three days.
b. Five exposures to sites pre-treated for 24
hours with sodium lauryl sulfate.
Results: (Table X). For stronger allergens,
p-phenylenediamine and thioglycerol, one day
exposures are as effective as the longer periods.
With less potent allergens, two day exposure
periods yield higher sensitization rates than one.
There is some indication that lengthening the
exposure to three days increases the sensitiza-
tion rate, though perhaps not very materially.
Comment: Twenty-four hour exposures, and
doubtless considerably less, produce maximal
sensitization rates for powerful antigens. As
one descends in the order of allergenic activity
longer exposures are correspondingly more ef-
fective. Since occluded patches prevent loss of
the test substance, this is another expression of
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what has already been demonstrated; that sen-
sitization rates increase in proportion to the
number of standard exposures.
* * *
Intradermal versus Epicutaneous Applications
In his original studies Landsteiner sensitized
the animals by intradermal injections, a prac-
tice which has been quite successfully utilized
in guinea pig studies. This route, indeed, is
recommended for the routine screening of new
substances in the guinea pig (31).
Experimenters have not been disposed to-
ward using injection technics in human sub-
jects so that little is known concerning the
adequacy of this route for establishing con-
tact sensitization. To be effective at all, it is
appreciated that the injection must be intra-
dermal, not subcutaneous (32).
Procedure
a. A course consisted of six 0.2 ml intradernial
injections into the same extremity at three
day intervals. The concentrations were se-
lected to be minimally or non-irritating.
Insoluble substances were dissolved or sus-
pended in mineral oil; this vehicle engenders
a modest inflammatory reaction.
b. The subjects were challenged in the usual
way by patch testing two weeks after the last
injection.
Results: (Table XI). On the whole, the in-
tradermal route is quite ineffective in compari-
son with topical application. It is only with
powerful sensitizers such as dinitrochlorobenzene
that comparable rates of sensitization are
achieved. With all the others, the result is
decidedly inferior to epicutaneous exposure.
Indeed, there may be complete failure.
Comment: Humans conspicuously differ
from guinea pigs in that in the former the
intradermal route sensitizes poorly. There are, of
course, vast anatomical differences, not the
least of which is the rich, dense microvascula-
ture of man. For freely soluble non-toxic aller-
gens like penicillin and streptomycin, clearance
from the skin after intradermal injection is
doubtless very rapid. If absorption is mainly
via the plentiful venules, sensitization will be
unlikely because of by-passing of the regional
lymph nodes. If absorption takes place chiefly
by the lymphatics, the very speed of transport
TABLE X
Duration of exposure
Substance
Induc-
tion
concen-
tration
%
Chal-
lenge
concen-
tration
%
Duration
24 48 72
hours hours hours
p-Phenylenedia-
mine
Thioglycerol
Chloraquine* di-
phosphate (Ara-
len)
Streptomycin*
0.2
20
25
5.0
2.5
5
10
10
7/24
11/24
2/24
6/24
8/24
10/24
6/24
12/24
10/23
9/23
48/23
14/23
* Provocative SLS challenge test.
TABLE XI
Iniradermal injections
Dinitrochloroben-
zene
Tetrachlorosalicyl-
anilide
p-Phenylenedia-
mine
Monobenzyl ether
of hydroquinone
Penicillin*
Neomycin*
Streptomycin*
Induction
0.1% mineral oil
2.0% " "
5.0% aqueous
5.0% mineral oil
5.0% aqueous
2.5% "
5.0% "
j
0.1
1.0
2.5
5.0
10
10
10
18/20
3/23
4/18
0/71
0/24
0/23
0/25
* Provocative SLS challenge test.
will allow only the briefest stimulation of im-
munologically competent cells. An attractive
hypothesis for the superiority of the epicutane-
ous route in humans related to the opportunity
for slow, continuous, prolonged release, espe-
cially when in the present experience, high con-
centrations were sealed occlusively to the skin
for two days. The epicutaneous route is by its
very nature a kind of repository depot for
channeling substances slowly into the lym-
phatics.
it is only in the case of powerful insoluble
allergens, dinitrochlorobenzene for example,
that the intradermal and epicutaneous routes
are at all comparable. This is not always the
rule as demonstrated by monobenzyl ether of
hydroquinone, a potent allergen. In experi-
ments involving 71 individuals and various in-
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TABLE XII
Negro versus White
Induc-
tion
Concen-
tration
%
Chal-
lenge
Concen-
tration
%
Negro White
p-Phenylenediamine
Monobenzyl ether of
hydroquinone
Nickel sulfate
Penicillin G*
Neomycin sulfate*
5.0
10.0
5.0
25.0
25.0
2.5
5.0
2.0
10.0
10.0
22/24
14/24
3/24
10/24
5/24
24/25
18/25
8/25
16/25
11/25
* Provocative SLS challenge test.
jection schedules, I have not once established
sensitization to this substance by the intrader-
mal route. One may speculate that greater con-
tact with the epidermis is necessary (for con-
jugation?) or that absorption is entirely via
the veins.
Injection of antigens in Freund's adjuvant is
one of the most effective technics of inducing
various states of delayed sensitivity in animals.
Repeated attempts to utilize incomplete
Freund's adjuvant (without tubercie bacilli)
from several commercial cources for human
sensitization yielded nothing but unpleasant
experiences, and only occasional sensitizations
with such agents as neomycin, Furacin, and
streptomycin. Persistent, tender inflammatory
nodules developed, many of which ulcerated
and drained for weeks.
It so happens that the inadequacy of the
intraderxnal route in humans is extremely for-
tunate considering the variety of drugs which
are parenterally administered. Some of these
are fairly good contact sensitizers: procaine,
penicillin, streptomycin, etc. These, of course,
may produce different kinds of allergic drug
reactions when injected. Happily, contact sen-
sitization is an uncommon immunologic response,
by this route. Patients with allergic drug reac-
tions are usually not patch test-sensitive.
* * *
Racial Differences
The data presented thus far primarily refers
to the Negro population; Caucasions comprised
not more than 10% of the volunteers. There
were hints at the start that sensitization
rates might be lower in the Negro. The Negro
was less readily sensitized to dinitrochioroben-
zene and nitrosodimethylaniline in Rostenberg
and Kanof's study as well as in the reports of
Epstein and Kligman (33, 34). It is widely
believed that Negro skin is more resistant to
chemical attack but the proof of this is not
complete. Pigmented skin, of course, obscures
erythema and may enable marginal sensitiza-
tions to go unrecognized.
Procedure
a. Sensitization rates of two groups of 25 sub-
jects, one white and one Negro, were com-
pared utilizing five allergens of varying
potency. About one third of the Negroes were
very deeply pigmented; very light-skinned
volunteers were excluded altogether.
b. Five 48 hour exposures to the same site on
one extremity, except for p-phenylenedia-
mine which was applied to one site on the
back.
c. Pre-treatment of each site with 5% SLS for
24 hours.
Results: (Table XII). For each allergen the
Caucasion sensitization rate was higher than
for the Negro, the differences becoming
statistically significant only for the weaker al-
lergens, viz, penicillin, and neomycin sulfate.
Comment: In addition to the obvious pig-
mentary difference, Negro skin is distinguished
from white by a number of anatomical and
functional attributes, viz, hair, sweating,
sebaceous secretion, etc. Less is known with
certitude concerning differences in general re-
activity, especially vulnerability to toxic chemi-
cals and allergens. For powerful allergens, the
somewhat lower sensitization rate of the Negro
may be quite unimportant; however, the
greater susceptibility of white skin to weaker
allergens is a very material difference which
surely has clinical implications. It is not nec-
essary to conclude from this study that the
Negro's immunologic capacity for contact sen-
sitization is less than that of the Caucasian.
The more likely explanation is that Negro skin
is somewhat less responsive to exogenous insults,
and so is less capable of expressing the in-
flammatory change by which the allergic state
is recognized. The lower sensitizabiity of the
Negro is probably more apparent than real.
The difference is not immunologic, but one of
lesser reactivity to an inflammatory stimulus.
It needs be emphasized that the difference
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is not merely masking of the marginal inflam-
matory process. By careful examination thresh-
old reactions can be adequately observed in
the Negro although the color change is purplish,
not red. The average intensity of the allergic
patch reaction to the same allergen is clearly
greater in Caucasian skin; intensely inflamed
vesicular, spreading lesions are often produced
in the Caucasian by allergens which induce
only mild to moderate reactions in the Negro.
By biopsy study, clinically marginal reactions
are quantitatively the same in Negroes and
whites.
A later paper will present greater documenta-
tion of the lesser reactivity of Negro skin to pri-
mary irritants, adhesive tape and other stimuli.
* * *
Challenge Patch Testing
The sensitivity of any test cannot be greater
than the adequacy of the means for measuring
its effect. The challenge patch is the sole meas-
ure of deciding whether an individual has be-
come sensitized. it is beguilingly simple to do,
but for sheer treachery it probably has no
match in any field of bioassay. It lends itself to
multifarious errors of interpretation. Rosten-
berg has given a good account of these troubles
(35). The limitation of most concern to the
objectives of this research is the very one
which has perennially plagued the entire prob-
lem, namely low sensitivity. Experimental
sensitizations are for the most part weak, often
marginal; threshold states of sensitivity are
the rule for the class of allergens most likely
to escape detection in tests of allergenicity.
These include the medical sensitizers such as
neomycin, Furacin®, procaine, penicillin, am-
moniated mercury, etc. The ordinary patch
test has spindly legs to hold up the weight it
is obliged to carry. The provocative patch
test, described elsewhere, was devised to over-
come the poor sensitivity of routine patch
testing (9). It cannot be said too forcefully
that patch testing requires scrupulous care
and considerable experience.
* * *
Influence of Concentration on the Patch Test
The concentration range over which standard
patch tests remain positive when diluted is
often quite narrow. The concentration neces-
sary to elicit a reaction may be surprisingly
high in marginal states of sensitization to weak
allergens. Lists have been published indicating
the proper concentrations of a great variety
of substances for patch testing (36). These,
however, are mainly adjusted with regard to
staying below an irritating concentration. This
establishes a 'floor' but does not indicate
whether increased sensitivity may be had by
raising the 'ceiling.' The question of optimal
concentrations has not been seriously evalu-
ated.
Procedure
Panels of individuals were collected who had
become sensitized to a variety of different aller-
gens during these experiments. A qualification for
selection was a positive routine patch test on nor-
mal skin, using 10% in petrolatum, or for irritat-
ing allergens, the highest non-irriating level. The
objective was to determine the optimal concen-
tration that would reveal sensitized persons. No
effort was made to determine the individual de-
gree of sensitivity by titrating to a threshold level
of reaction. The sample obviously encompassed
individuals of varying degrees of sensitivity.
The allergens were penicillin, streptomycin, neo-
mycin, nickel sulfate, monobenzyl ether of hydro-
quinone and epoxy resin. The first three contrast
with the last not only in being weaker allergens
but also by not being irritating at concentrations
up to 25%.
Ten subjects were tested with each allergen. For
the three weaker allergens the test concentration
ranged from 25% to 0.1% respectively. The vehicle
was petrolatum; occlusive patches were applied to
the normal skin of the back for 48 hours. The re-
actions were scored then and again 48 hours later.
The test concentrations for the stronger allergens
were 5, 1, and 0.1% respectively.
Results and Comment: (Table XIII). Sev-
eral practical lessons emerge. For the weaker
allergens, 10% concentration detects as many
sensitized subjects as 25%. It is not advan-
tageous to use concentrations greater than
this. The next dilution in the series, 1.0%, re-
suits immediately in a serious loss of sensitiv-
ity, most prominent in the case of neomycin.
If one had simply assumed that 1.0% was a
suitable test concentration, a significant por-
tion of sensitized individuals would be over-
looked. This point is accented because it is
far too common a practice, founded entirely
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Concentrations (%)
25 10 1.0 0.1
Penicillin G
Streptornycin
Neomycin
10/10
10/10
10/10
10/10
10/10
10/10
6/10
7/10
3/10
1/10
3/10
0/10
oncentrations (%)
5 1.0 0.1 0.01
Nickel Sulfate
Monobenzyl ether
of hydroquinone
Epoxy resin
10/10
10/10
10/10
9/10
10/10
9/10
6/10
5/10
4/10
2/10
3/10
0/10
on guesswork, that 1.0% or thereabouts seems
'about right.' The concentration requirement is
a strict one because of the narrow range of
positivity on normal skin; in standard patch
tests one should use the highest non-irritating
concentration up to a maximum of 10%. This
is equally true of SLS provocative patch test-
ing (9).
In the case of the more potent allergens,
which also tend to be strong irritants, many
subjects reacted to much lower concentrations,
0.1% for example. The 1.0% level detected al-
most as much as the highest concentration, and
its use would not have resulted in a great loss
of sensitivity. The capacity to detect sensitiza-
tion with greater dilutions of potent allergens
simply reflects the higher degree of sensitivity
induced, and the promoting effects inherent in
their tendency to be irritants and better pene-
trants. Subjects sensitized to these allergens
are less likely to be missed by inadequate patch
test concentrations.
* * *
Influence of Vehicles
That the vehicle may have substantial effects
on the patch test reaction seems not be have
been regarded seriously. The question has not
been brought under experimental scrutiny.
This singular neglect may stem from a rather
widespread clinical supposition that penetra-
tion through skin is not decisively influenced by
the vehicle.
Procedure
Subjects were selected who had become rather
strongly sensitized to 6 water soluble and 5 lipoid
soluble allergens. The criterion for selection was
an intense inflammatory reaction, well above
threshold, to the routine challenge patch test on
normal skin, using 10% concentrations except for
irritants. This original concentration was diluted
then 5, 10 and 20 times in each of the vehicles.
The standard occlusive patch test was applied to
the back for 48 hours; the reactions were scored
then and again after another 48 hours. These data
were collected over a two year period as strongly
sensitized subjects became available. The ma-
jority were Caucasians. Six vehicles with different
physical attributes were studied:
1. Two hydrophobic oily bases:
a. White petrolatum (mineral)
b. Anhydrous lanolin (animal)
2. Two emulsion type bases:
a. Hydrophilic ointment, U.S.P. (oil in
water).
b. Aquafor® base into which 40% water was
emulsified (water in oil).
3. A water soluble base, U.S.P. Carbowax
Ointment (polyethylene glycol).
4. Water
Results: (Table XIV). The water and lipoid
soluble allergens behaved somewhat differently
in the various vehicles. It will be seen that, for
practically all allergens and all vehicles, the
reaction rate was not seriously diminished by
the first five-fold dilution. The 10 and 20-fold
dilutions proved more discriminating. To sim-
plify interpretation, the data has been artifi-
cially reduced to an expression, the sensitivity
index, which denotes the comparative effective-
ness of the various vehicles. This has been cal-
culated by totalling the reactors to the 10 and
20-fold dilutions for a given vehicle and divid-
ing by the total number of patch tests. This
figure is simply the composite percentage of
reactors to the aggregate water or lipoid soluble
allergens at two test dilutions. (Example: for
the six water soluble allergens in petrolatum
tested at 10-fold and 20-fold dilutions, there
were 61 reactors out of 70 tests, or an index of
87%). Vehicles were then classified in rank order
of descending effectiveness, placing in the same
numerical category all those whose indices
were within five percentage points of each
other. This method of treatment is not satisti-
cally orthodox, but it is quickly informative
nonetheless (Table XV).
TABLE XIII
Challenge concentrations
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TABLE XIV
Influence of vehicles
Substance
Petrolatum Lanolin Aquafor Water
)riglnal
Dilutions
.5 10 20 5 10 20 5 10 20 5 10 20 5 10 20 5 10 20
Streptomycin*
Nickel Sulfate*
Penicillin Q*
Cobaltous Sulfate*
Mercuric Chloride*
Neomycin*
Furacin®
Monobenzyl ether of hydro-
quinone
Tetrachiorosalicylanilide
Ammoniated mercury
Atabrine®
10
5
10
10
0.1
10
10
5
1
10
10
6/6
5/5
9/9
5/5
5/5
5/5
5/5
5/5
7/7
7/7
5/5
6/6
5/5
9/9
5/5
3/5
4/5
5/5
5/5
7/7
6/7
5/5
6/6
5/5
9/9
5/5
2/5
2/5
3/5
5/5
7/7
5/7
5/5
6/6
5/5
9/9
5/5
5/5
5/5
5/5
5/5
7/7
7/7
5/5
6/6
4/5
9/9
4/5
4/5
2/5
5/5
4/5
4/7
4/7
4/5
5/6
2/5
5/9
2/5
2/5
0/5
3/5
4/5
3/7
2/7
4/5
6/6
5/5
9/9
5/5
5/5
3/5
5/5
5/5
7/7
7/7
5/5
6/6
5/5
5/9
3/5
2/5
1/5
3/5
5/5
7/7
4/7
5/5
4/6
5/5
1/9
1/5
2/5
0/5
2/5
5/5
7/7
1/7
4/5
6/6
5/5
9/9
5/5
3/5
5/5
4/5
5/5
7/7
6/7
5/5
6/6
4/5
7/9
3/5
2/5
3/5
2/5
3/5
7/7
3/7
3/5
4/6
3/5
2/9
1/5
1/5
1/5
0/5
2/5
7/7
1/7
3/5
6/6
5/5
9/9
5/5
2/5
2/5
5/5
5/5
7/7
7/7
5/5
6/6
2/5
2/9
2/5
0/5
1/5
3/5
5/5
6/7
5/7
4/5
6/6
0/5
0/9
2/5
0/5
0/5
1/5
3/5
5/7
3/7
2/5
6/6
5/5
0/9
5/5
4/5
4/5
5/6 4/6
5/5 5/5
6/9 3/9
3/5 1/5
2/5 1/5
2/5 0/5
* Thefirst 6 allergens are waer soluble; the remaining 5 are lipoid soluble.
TABLE XV
,Sensitivity indices
Substance
Water Soluble
Agents
Index
Lipoid Soluble
Agents
Index
Petrolatum
Lanolin
Aquafor-1120
Hydrophilic Oint-
ment
Water
Carbowax
87%
64%
53%
50%
50%
24%
1
2
3
3
3
4
88%
63%
50%
71%
—
62%
1
3
4
2
—
3
It is necessary to emphasize that these were
standard, not SLS provocative patch tests, and
that the original challenge concentrations by
which these subjects were selected were suffi-
cient to produce brisk allergic responses, de-
cidedly not borderline reactions.
Certain findings stand out with great clarity.
The order of effectiveness is different for water
and for lipoid soluble allergens. But petrolatum
is the most effective in both classes. With this
vehicle, 20-fold dilutions do not materially de-
crease the sensitization rates, with rare excep-
tions. For water soluble allergens, Carbowax is
a badly lagging last, a status which it maintains
for lipoid soluble allergens. Twenty-fold dilu-
tions essentially extinguish the capacity of
Carbowax to detect sensitization. Lanolin and
Aquaphor® behaved similarly for both classes.
On the whole, the lipoid soluble allergens are
less influenced by the vehicle. Thus, the lowest
index of 50% in the lipoid soluble category
contrasts with 24% in the water soluble group.
Surprisingly, water is inferior to hydrophobic
bases for water soluble allergens.
Comment: The really great influence of the
vehicle was not fully anticipated. It is evident
that with standard patch tests on normal skin
an inappropriate vehicle is one of the sources
of low sensitivity and false negative reactions.
Differences as drastic as these are not to be
expected with provocative testing in which the
'barrier' is deliberately broken.
As a practical rule, petrolatum would seem
to be the vehicle of choice for routine use. This
will certainly not always be true. With the
limited information available it would be in-
judicious to seek a simple generalization for
what is obviously a complex phenomenon in-
volving interactions between the vehicle, the
allergen, the skin and its inflammatory re-
sponses. To assume that these vehicles behave
differently solely in relation to their influence
on penetration is scarcely warranted in view
of the conditions of exposure. Hydration is one
of the most effective procedures for increasing
penetration; but this factor could hardly be
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influential since all the patches were occlusive,
and equally retentive of sweat and insensible
water diffusion. Though penetration rate, ac-
cording to Fick's law, is proportional to con-
centration, this relationship only holds ex-
actly for concentrations which are considerably
lower than those used here. The permeability
results obtained with in vitro models such as
diffusion chambers are really not very applica-
ble in patch testing; especially in instances in
which the allergen is insoluble in the vehicle.
Possiby more important is the tendency of hy-
drophobic ointments to stay in place and to
limit diffusion of the allergen beyond the bor-
der of the Webril patch. Thus water soluble
allergens in water or a water-soluble base like
Carbowax might be diluted by sweat and
might leach out beneath the adhesive. Still,
petrolatum, a complex mixture of hydro-
carbons, may have an undisclosed promoting
effect on penetration in a manner similar to
that of dimethylsulfoxide (14).
* * *
Region for Challenge Patch Testing
The manifest differences in reactivity of the
skin of different regions clearly influences the
selection of suitable patch testing sites. Clinical
experience teaches that contact allergy is ex-
ceedingly uncommon on the palms and soles,
and rather rare on the scalp. Examples of
unusual sensitive areas are the scrotum and
eyelids, and probably the flexures such as the
anti-cubital and popliteal spaces.
There are few carefully controlled studies of
this question. Bandnaann and Rohrbach com-
pared irritant and allergic patch reactions on
pairs of body sites of many patients; the in-
tensity of inflammation at the two sites en-
abled a comparative estimate (37). They con-
centrated primarily on the difference between
the extensor and medial aspects of the upper
arm, finding the latter far less reactive than
the former. On the forearm the reactivity to
allergens was reversed, the medial being more
sensitive than the extensor. Tentatively, the
back was considered more sensitive to irritants
and allergens than the abdomen.
Although our studies are not yet in a quan-
titative form, some practical impressions have
emerged. The abdomen has been found less
sensitive than the back as Bandmann and
Rohrbach stated. The greater resistance of
the abdomen is perhaps attributable to lesser
permeability of its horny layer. The pretibial
area is decidedly less reactive than the calf or
the upper extremities. Concerning the latter,
the differences between the medial and extensor
surfaces have not seemed impressive. From a
practical standpoint, no area is manifestly su-
perior to the back. It presents a broad surface
and patches may be snugly held in place, par-
ticularly on the lower back in the region be-
tween the iliac crest and angle of the scapula.
Recently, Magnusson and Horsle evaluated re-
gional differences to an irritant and to contact
allergens (38). Stronger reactions occurred on the
back than on the extremities.
* * *
SUMMARY
Human volunteers were sensitized to a va-
riety of contact allergens in order to identify
the conditions which maximally promote the
establishment of the allergic state. This infor-
mation was required to design more effective
methods for detecting contact allergens.
Many agencies strongly influenced sensitiza-
tion:
1. While all inflammation-producing insults
tend to be enhancing, chemical irritation with
sodium lauryl sulfate and dimethylsuif oxide
were superior to physical traumata such as
ultraviolet radiation and Scotch Tape® strip-
ping.
2. The chemical irritant may be combined
with the allergen or applied with equal effec-
tiveness as a pre-treatment; the latter avoids
chemical incompatabiity.
3. Above a certain minimum, sensitization
for a fixed surface concentration is not de-
pendent on the size of the area to which the
allergen is applied.
4. Sensitization, within limits, is proportional
to the surface concentration of the allergen, and
not on the total amount of allergen. High con-
centrations are required for weak allergens.
5. Within limits, the sensitization rates are
roughly proportional to the number of expo-
sures, especially for weaker allergens. With
agents not recognized as allergens, even 15 ex-
aggerated exposures were incapable of inducing
sensitization.
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6. For an equal number of identical expo-
sures, higher rates result when each exposure
is to the same extremity than when a different
extremity is used for each application.
7. Sensitization is more effective when each
of a number of applications is confined to ex-
actly the same inflamed skin site than when
each application is to a fresh, nearby site.
8. Higher sensitization rates are achieved
by allowing rest periods between 24 hour expo-
sures.
9. Forty-eight hour exposures are superior to
24 hour ones for weaker allergens. Three day
exposures are not more effective than two day
ones.
10. The application of the allergen epicu-
taneously is far more sensitizing than the in-
tradermal injection of the allergen.
11. The optimal concentration for challenge
patch testing is the highest non-irritating
amount up to a maximum of 10%.
12. The vehicle is an important factor in chal-
lenge patch testing. Petrolatum is the most
generally useful and effective vehicle.
13. The back is as sensitive as any other area
practical for challenge patch testing.
REFERENCES
1. Kligman, A. M.: The identification of contact
allergens, I. A critique of current methods.
In Press.
2. Landsteiner, K. and Jacobs, J.: Studies on the
sensitization of animals with simple chemi-
cal compounds. J. Exp. Med., 61: 643, 1935.3. Landateiner, K. and Chase, M. W.: Studies
on the sensitization of animals with simple
chemical compounds. J. Exp. Med., 66: 337,
1933.
4. Chase, M. W.: Immunological reactions medi-
ated through cells. In the Nature and Sig-
nificance of the Antibody Response. p. 156.
Ed. Pappenheimer. N.Y. Columbia Univ.
Press, 1953.
5. Eisen, H. N. and Belman, S.: Studies of hy-
persensitivity to low molecular weight sub-
stances. J. Exp. Med., 98: 533, 1953.6. Gell, P. G. H. and Banacerraf, B.: Studies in
hypersensitivity. J. Exp. Med., 113: 3, 1961.
7. Salvin, S. B. and Smith, R. T.: The specificity
of allergic reactions. J. Exp. Med., 114: 185,
1961.
8. Frey, J. R. and Wenk, P.: Experimental stud-
ies on the pathogenesis of contact eczema in
the guinea pig. mt. Arch. Allerg., 11: 81,
1957.
9. Kligman, A. M.: The SLS provocative patch
test in allergic contact sensitization. In Press.
10. Landsteiner, K. and DiSomma, A. A.: Studies
on the sensitization of animals with simple
chemical compounds. J. Exp. Med., 72: 361,
1940.
11. Rockwell, E. M.: Studes of several factors in-
fluencing contact irritation and sensitization.
J. Invest. Derm., 24: 35, 1955.
12. Kligman, A. M. and Epstein, W. L.: Some fac-
tors affecting contact sensitization in man.
In Mechanism of Hypersensitivity, p. 713.
Ed. by Shaffer, LaGrippe and Chase. Bos-
ton, Mass. Little Brown & Co., 1959.
13, Jacob, S. W., Bischel, M. D. and Herschler,
H. J.: Dimethylsulf oxide: effects on the
permeability of biologic membranes. Curr.
Ther. Res., 6: 193, 1964.
14. Kligman, A. M.: Topical pharmacology and
toxicology of dimethylsulfoxide. Part I—
J.A.M.A. Vol. 193 10, Part II—J.A.M.A.
Vol. 193 11, 1965.
15. Bettley, F. R.: The influence of soap in the
permeability of the epidermis. Brit. J.
Derm., 73: 448, 1961.
16. Vinson, L. J. and Choman, B. R.: Pericuta-
neous absorption and surface active agents.J. Soc. Cos. Chem., 11: 127, 1960.
17. Nilzen, A. and Wikström, K.: The influence
of sodium lauryl sulfate on the sensitization
of guinea pigs to chrome and nickel. Acta.
Dermato-vener., 35: 292, 1955.
18. Samitz, M. H. and Pomerantz, H.: Studies of
the effects on the skin of nickel and chro-
mium salts. Arch. Indust. Health, 18: 473,
1958.
19. Schwartz, L. and Peck, S. M.: The patch test
in contact dermatitis. Public Health Rep.,
59: 2, 1944.
20. Schnitzer, A.: Beitrag zur Frage das Mecha-
nisms der Sensibilierung. Dermatologica(Basel), 85: 339, 1942.
21. Epstein, S.: Hexachlorophene in treatment of
eczematous dermatosis. Arch. Derm. (Chi-
cago), 71: 692, 1955.
22. Schwartz, L. and Tulipan, L.: Outbreak of
dermatitis among workers in rubber manu-
facturing plant. Public Health Rep., 48: 809,
1933.
23. Shelley, W. B.: Golf course dermatitis due to
thiuram fungicide. J. A. M. A., 188: 415,
1964.
24. Sulzberger, M. B., Kanof, A., Baer, R. L. and
Lowenberg, C.: Sensitization by topical ap-
plication of sulfonamides. J. Allergy, 18: 92,
1947.
25. Frey, J. H. and Wenk, P.: Uber die Funktion
der Regionalen Lymphknoten bei des Entse-
hung des Dinitrochlorobenzol—Kontaktak-
zems in Meerschweinchen. Hautarzt, 13:
176, 1962.
26. Epstein, W. L., Kligman, A. M. and Senecal,
I. P.: Role of regional lymph nodes in con-
tact sensitization. Arch. Derm. (Chicago),
88: 789, 1963.27. Macher, E.: Die Reaktion der Regionfiren
Lymphknoten beim tierexperimentallen al-
lergischen Kontaktekzem. Hautarzt, 13: 176,
1962.
28. Turk, J. L. and Ston, S. H.: Implications of
the cellular changes in lymph nodes during
the development and inhibition of delayed
hypersensitivity. In Cell Bound Antibodies,
p. 51. Eds. Amos & Koprowski. Phila., Pa.
Wister Institute Press, 1963.
29. Magnusson, B.: Personal Communication.
30. Grolnick, M.: Sensitization of the human skin:
A study of the location of sites and of ex-
posure time of excitant. J. Allerg., 26: 542,
1955.
392 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
31. Draize, J. H.: Dermal Toxicity in Appraisal
of the Safety of Chemicals in Foods, Drugs
& Cosmetics, Pp. 46. Ed. Assoc. Food & Drug
Officials of the U.S., Texas State Dept. of
Health, Austin, Texas. 1959.
32. Landsteiner, K. and Chase, M. W.: Studies in
the sensitization of animals with simple
chemicals. J. Exp. Med., 71: 237, 1940.
33. Rostenberg, A. and Kanof, N. M.: Studies in
eczematous sensitization. J. Invest. Derm.,
4: 505, 1941.34. Epstein, W. and Kligman, A. M.: The inter-
ference phenomenon in allergic contact der-
matitis. J. Invest. Derm., 31: 175, 1958.
35. Rostenberg, A.: The patch test. Gen. Pract.,
10: 104, 1954.
36. Rostenberg, A. and Sulzberger, M. B.: List of
substances for patch testing and the con-
centrations to be employed. J. Invest. Derm.,
2: 93, 1939.
37. Bandmann, H. J. and Rohrbach, D.: Die epi-
cutane Testreaktion und ihre Abhingigkeit
von dem Aufiageort der Läppenchenprobe.
Arch. Klin. Exp. Derm., 220: 155, 1964.38. Magnusson, B. and Hersie, K.: Patch Test
Methods. II. Regional variations of patch
test responses. Acta. derm-venereal, 4ö: 257,
1965.
